Silver nanoparticles (AgNPs) are being used extensively for biomedical purposes regarding to their broad antimicrobial activity, however their toxicity has been addressed in only few studies. In the present study, we aimed to prepare and characterize AgNPs, investigate their adverse effect on liver and kidney functions, and also elucidate the hepato-nephro protective ability of tannic acid in male rats. The obtained results showed that AgNPs caused oxidative stress throughout the induction of thiobarbituric acid-reactive substances (TBARS) and the reduction of the activities of antioxidant enzymes (GST, SOD, CAT, GPx) and the levels of glutathione. Hepatic markers enzymes (AST, ALT, ALP, ACP, LDH and GGT), total bilirubin, urea, creatinine and lipid profile were increased, while hematological parameters were decreased. Histopathological investigations indicated marked degeneration of hepatocytes, endothelial cells of renal which with its role has confirmed the hepatotoxicity and nephrotoxicity induced by AgNPs. The presence of tannic acid along with AgNPs showed obvious improvements in the injured liver and kidney tissues. The protective effect of tannic acid against the toxicity of AgNPs might be due to its antioxidant properties and scavenging abilities against active free radicals.
INTRODUCTION
During the last decade, a rising research has been done on metal nanoparticulates due to their excellent catalytic, optical, electrical, magnetic, antimicrobial and other physical and chemical characteristics; those are completely different from their bulk size. Silver nanoparticles (AgNPs) are believed to be one of the most substantial types of metal nano-materials which have been used increasingly in medical field, because of their strong bacteriostatic (1), antiviral (2) and fungicidal effects (3) . AgNPs are widely used in dietary supplementations, for dental hygiene, wound dressing and also in medical devices and implants (4) . Moreover, silver nanoparticles have been used in a wide range in consumer products especially air and water filters due to their antiseptic properties, towels, clothes, paints and cleansers for surface cleansing, as well as many applications in biotechnology and life sciences (5) . They have also been used for the treatment of many diseases such as breast cancer, leukemia and different carcinomas (6) . Regular consumption and direct contact with products like medications and food containing silver nanoparticles represent a sustainable source of AgNPs which when emitted to the environment might produce a substantial contamination hazard (7) and a prospective risk to human health (8) .
Silver nanoparticles antibacterial properties influenced in many applications in several areas such as food, health and electronics. Its increased usage contri-butes to its consumer exposure which with its role rise a variety of questions in terms of safety risk. However, AgNPs effects on humans is still under inspection. In the literature, most studies on AgNPs are in vitro, intravenous, inhalation, intraperitoneally and subcutaneous (9) . It has been elucidated that AgNPs induced cytotoxicity in vitro though free radical generation (10) .
Silver Nanoparticles can be taken in the gastrointestinal (GI) barrier, enter the circulation system, and translocation in different organs i.e. (Liver, brain, kidney, lung, spleen and small intestine) (11) . The mechanism of toxicity of silver nanoparticles is related to reactive oxygen species (ROS) generation and oxidative stress elevation resulting in lipid peroxidation, apoptosis, damage to protein and DNA, membrane leakage and kidney dysfunction (12) . AgNPs release silver ions in suspension, because of its surface charge, particle size or coating (11) . Moreover, ions released from silver nanoparticles could penetrate cells and spread through biological barriers to achieve equilibrium concentration (13).
Reactive oxygen species cause numerous toxic effects which are associated with various pathogens, including neurodegeneration, carcinogenesis, atherosclerosis, aging and diabetes. However, it is well known that protracted exposure to ROS in high concentrations leads to several disorders (14, 15) . Therefore, an increasing requirement for antioxidants has been made in order to identify natural sources for vigorous antioxidant polyphenols and phytochemicals. Tannic acid is a hydrolysable natural polyphenol that has been extensively found in a range of plants such as grapes, oak, and green tea (16) . It has been approved safe for direct usage in pharmaceutical products by the FDA (17) . Tannic acid has been used as a medication for the treatment of vasodilation, intestinal lesions and reducing inflammation because of its antimicrobial activity (18) , inhibition of apoptosis of tumor cells with antigenic and antimutagenic activity (19) , decreasing pain (20), and hypoglycemic effects regulation (21). Phenolic acid antioxidant activity is due to several different mechanisms, such as scavenging free-radical, donating hydrogen atoms, quenching singlet oxygen, chelating metal ion, activating antioxidant enzymes and acting as radical'ssubstrate such as hydroxyl or superoxide. The main defense mechanism of phenolic acid is torevoke ROS generation and thus avoid oxidative damage formation (15) .
Given the potential oxidative effects of AgNPs, we aimed at the present study to investigate the possible toxic effect of AgNPs following 77 days repeated i.p. exposure on some biomarkers of oxidative stress, histopathological alterations, biochemical and hematological parameters in rat's liver and kidney. Also, study the mitigation effect of tannic acid against AgNPs-induced toxicity. 
MATERIAL AND METHODS

Chemicals
Synthesis of silver nanoparticles
Silver nanoparticles were prepared by chemical reduction method according to Fang et al. (22) , by aqueous AgNO 3 reducing with sodium citrate at boiling temperature. In typical procedure, a 50 ml of 1 mM AgNO 3 was heated till boiling. To this solution, 5 ml of 1% Na 3 C 6 H 5 O 7 was added drop by drop. The solution was heated at boiling point under continuous stirring. The reaction was allowed to take place until the color changed to greenish yellow. The solution was then cooled to room temperature.
Characterization of silver nanoparticles
Nanoparticles size and morphology were analyzed with a transmission electron microscope (TEM; JEOL JSM 100CX, Japan), a drop of synthesized silver nanoparticles solution was placed on the carbon coated copper (C/Cu) grids and kept overnight under vacuum desiccation. The carbon coated copper grids were then loaded onto a specimen holder. TEM micrographs of the sample were taken by TEM operated at 80kV accelerating voltage. Silver colloids optical absorption features in the UV-visible range of 300-700 nm wave length were measured using UV-VIS Spectrophotometer (Jenway 6405, UK). The samples for X-ray diffraction (XRD) analysis were made to study the crystalline nature of the prepared AgNPs by (Shimadzu, XRD-7000, Maxima, Japan) operated at 30 kV and30 mA current with CuKa radiation and scan between 10 to 79.9°(2q) with 0.2°step intervals
The particle size of silver nanoparticle was calculated from the width of the XRD peaks, using the Debye-Scherrer formula: D = 0.94 l / â Cos èq Where D is the average crystallite domain size perpendicular to the reflecting planes, l is the wavelength of X-ray, bâ is the angular full width at half maximum (FWHM), and q is the angle of diffraction (Bragg's angle).
FT-IR spectrum was obtained using FT-IR spectrophotometer (Shimazdu IR Prestige-21). The sample was mixed uniformly with potassium bromide at 1:100 (sample: KBr) ratio respectively and incubated at 110°C overnight. After that, the mixture was cooled down in desiccators. The KBr discs were prepared by compressing the powders (mixture of sample and KBr) in a hydraulic press. The discs were scanned in the range of 400-4000 cm -1 to obtain FT-IR spectrum.
Test chemicals and treatment
Silver nanoparticles were suspended directly in deionized water and dispersed by ultrasonic vibration. The size of AgNPs (less than 100 nm) was tested at a dose of 50 mg/kg BW/day and was injected intraperitoneally (IP) every day for 77 consecutive days to male Wistar rats, this dose was chosen according to Sharmaet al. (23) . On the other hand, the dose of tannic acid (100 mg/kg BW/day) was given orally for the same period of time and was chosen according to Di Meo et al. (14) .
Animals and experimental design
This experiment followed the ethics criterion of the Animal Ethics Committee of the Institute of Graduate Studies and Research, Ethical Approval No.AP-GI-07/2015. Alexandria University (Alexandria, Egypt). The study was done on 40 adults male Wistar rats weighing (200 ± 22) g obtained from the Faculty of Medicine, Alexandria University, Egypt. Animals were housed in a comfortable environment kept on basal diet and tap water which were provided ad libitum. Animals were maintained in a controlled atmosphere, a temperature of 25 ± 5°C and 50-70% humidity. They were monitored during the period of treatment. Food and water intake, and body weights were weekly recorded through the whole experimental period. After acclimation for 2 weeks; they were randomly divided into 4 equal groups and each cage housed a maximum of 5 rats. The first group was used as control; the second group was orally treated with tannic acid (100 mg/kg BW/day). The third group was intraperitoneally (IP)treated with silver nanoparticles (50 mg/kg BW/day) and the forth group was treated with both silver nanoparticles and tannic acid. Rats were administered their respective doses of silver nanoparticles and tannic acid every day for 77 consecutive days.
Blood samples collection and tissue preparations
At the end of the 77 th day of the experimental period, animals were anaesthetized with diethyl ether and blood samples were rapidly taken from the rats' aorta after scarification then collected in test tubes containing heparin and placed on ice immediately. The collected blood was centrifuged at 860 xg for 20 min for the separation of plasma. The plasma was kept at -80°C until tested parameters analyses. Liver and kidney were removed, washed using saline solution and adhering fat and connective tissues were removed. Liver and kidney were minced and homogenized separately (10%, w/v), in ice-cold sucrose buffer (0.25 M) in a Potter-Elvehjemhomogenizer. Homogenates were then centrifuged at 10,000 xg for 20 min at 4°C, in order to pellet the cell debris and collect the supernatant, then stored at -80°C for the tested parameters determination.
Markers of oxidative stress and antioxidant parameters
Lipid peroxidation index in kidney and liver homogenate was assayed as thiobarbituric acid-reactive substances (TBARS) which were measured at 532 nm, using 2-thiobarbituric acid (2,6-dihydroxypyrimidine-2-thiol; TBA). TBARS levels were measured by the method of Tappel&Zalkin (25) . The activity of superoxide dismutase (SOD) was measured according to Mishra &Fridovich (26) . The assay procedure of SOD determination involves epinephrine inhibition of auto-oxidation in an alkaline medium (pH 10.2) to adrenochrome, which is inhibited by the presence of SOD. Epinephrine was added to the assay mixture, containing tissue supernatant and the change in coefficient extinction was followed at 480 nm in a Spectrophotometer. The glutathione peroxidase (GPx) activity was assayed by the method of Chiu et al. (27) in kidney and liver homogenate. The activity of Glutathione S-transferase (GST) was determined according to Habig et al. (28). The GST activity was measured in kidney and liver homogenate and p-nitrobenzyl chloride was used as substrate. The measure absorbance was detected at 310 nm using UV-Double Beam Spectrophotometer. The activity of catalase (CAT) was determined using the Luck method involving the hydrogen peroxide decomposition (29) . The CAT activity was measured at 240 nm by calculation the rate of hydrogen peroxide degradation. The content of reduced glutathione (GSH) was determined and the method applied metaphosphoric acid for precipitation of protein and DTNB for color development and its density was measured at 412 nm. GSH content was determined according to the method of Jollow et al. (30) .
Biochemical and hematological parameters
Plasma total protein, albumin, urea, creatinine, and total bilirubin were measured with kits from Biosystems S.A (Costa Brava 30, Barcelona, Spain). The activities of plasma and liver aspartate transaminase, alanine transaminase, alkaline phosphatase, acid phosphatase, lactate dehydrogenase and gamma glutamyte transaminase (GGT) were measured with kits from Biosystems S.A (Costa Brava 30, Barcelona, Spain). HA-VET CLINDIAG was used to measure the following hematological parameters: Red Blood cells, hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, white blood cells and platelets counts.
Histological section preparation of liver and kidney
Liver and kidney specimens obtained from rats were immediately fixed in 10% formalin, and treated with plain grade of alcohol and xylol, embedded in paraffin and sectioned at 4-6 mm thickness. The sections were stained with (H&E) for studying the histopathological changes Drury et al. (31) .
Statistical analysis
The results were reported as means ± SE, and statistical analysis for the previously studies parameters were performed following the general linear model (GLM) produced by SAS Institute (32). Duncan's New Multiple Range Test was used to test the significance of the differences between means Š33¹. Values of p < 0.05 were supposed to be statistically significant.
RESULTS
Preparation and characterization of silver nanoparticles
UV-Vis spectroscopy is a method used to examine nanoparticles production based on their optical characteristic. Silver nanoparticles absorption band shows strong absorption at 425 nm ( Figure 1 ). The typical Transmission Electron Microscopy (TEM) images of the synthesized AgNPs are presented in Figure 2 (A and B). It is observed that most of them were spherical in shape and homogeneously distributed ( Figure 2 (A  and B) ). The Scanning Electron Microscopy (SEM) image of silver nanoparticles is shown in Figure 3 . The morphology of AgNPs shown in Figure 4 confirms that AgNPs are spherical in shape in the range of 17-51nm.
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Markers of oxidative stress and antioxidant parameters
The levels of thiobarbituric acid-reactive substances (TBARS) and reduced glutathione (GSH), and the activities of superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione S-transferase (GST) and catalase (CAT) were measured in liver and kidney of male rats treated daily for 77 days with tannic acid, AgNPs and their combination were presented in Table  1 and 2 and Figure 6 and 7. Data indicated that treat-ment with AgNPs alone significantly (P < 0.05) decreased the activities of SOD, CAT, GST, GPx and the level of GSH, and increased the levels of TBARS in liver and kidney compared to control group. While, treatment with tannic acid alone significantly (P < 0.05) increased the activities of SOD, CAT, GST, GPx and the levels of GSH, but decreased TBARS levels in liver and kidney. While, the presence of tannic acid along with AgNPs in the combination group minimized the toxic effect on all above parameters compared to AgNPs treated group. Table 3 and Figure 8 and their combination for 77 days. Results showed that treatment with AgNPs significantly (P < 0.05) increaseed plasma ALP, ACP, LDH and GGT activities compared to control group. On the other hand, treatment with tannic acid alone caused significant (P < 0.05) decrease in the activities of these enzymes compared to control group. The combination group showed significant decrease in the activities of studied enzymes compared to AgNPs treated grup.
Biochemical parameters
The mean values of plasma total protein, albumin, globulin, total bilirubin, urea and creatinine after 77 days experimental period was shown in Table 4 and Figure 9. Treatment with AgNPs alone resulted in a significant (P < 0.05) decrease in total protein, albumin and globulin, and a significant (P < 0.05) increase in plasma total bilirubin, urea, and creatinine compared to control group. While, treatment with tannic acid alone showed non-significant increase in plasma levels of to- tal protein, albumin and globulin, and non-significant (P < 0.05) decrease in plasma total bilirubin, urea and creatinine compared to the control group. On the other hand, the presence of tannic acid with AgNPs in the combination group increased the concentration of plasma total protein, albumin and globulin, and decreased plasma total bilirubin, urea and creatinine. But these values did not reach the values of control group. Table 5 and Figure 10 represented the mean values of the hematological parameters (white blood cells; WBCs, red blood cells; RBC, hemoglobin; HGB, hematocrit value; HCT, mean corpuscular volume; MCV, mean corpuscular hemoglobin; MCH, mean corpuscular hemoglobin concentration; MCHC, platelets; PLT) of male rats treated with tannic acid, silver nanoparticles, and their combination for 77 days. Results showed that treatment with AgNPs caused significant (P < 0.05) increase in WBCs, while caused significant (P < 0.05) decrease in RBC, HGB, HCT, MCV, MCH, MCHC and PLT compared to control group. On the other hand, treatment with tannic acid alone caused significant (P < 0.05) decrease in WBCs and caused significant (P < 0.05) increase in RBC, HGB, HCT, MCV, MCH, MCHC and PLT compared to control. Results showed that the presence of tannic acid along with AgNPs in
Parameter
Hematological parameters
138
Mosa F Israa, Youssef Mokhtar, Shalaby Thanaa, Mosa F Osama 
Histopathological parameters of liver and kidney
Photomicrograph of the liver of control rats (Figure 11 (A and B) ) showed normal structure hepatocytes having normal eosinophilic cytoplasm, round nuclei, central vein, portal tracts and blood sinusoids. Photomicrograph of liver of rats treated with tannic acid (Figure 11C) showed also normal structure of hepatocytes having normal eosinophilic cytoplasm, round nuclei central vein, portal tracts and blood sinusoids, while ( Figure 11D ) showed hepatic lobule, hepatocytes surrounding central vein and normal hepatic artery. Photomicrograph of rats' sliver treated with silver nanoparticles Figure 11 (E-J) showed hepatocytes revealed hydropic change, sinusoidal dilatation, Kupffer cell hyperplasia, moderate portal inflammation and piecemeal. Lobular infiltrate by chronic inflammatory cells congested hepatic sinusoids containing red blood cells, with hepatocytes disarray and cloudy swelling is liver hepatocytes (sinusoid). Photomicrograph of liver of rats treated with AgNPs and tannic acid ( Figure 11 (K and L)) showed improvement of the portal area and a decrease of the inflammation and infiltration of the portal area and hepatocytes.
Photomicrograph of kidney of control rats ( Figure  12 (A and B) ) showed normal glomeruli and tubules. Also, photomicrograph of rats treated with tannic acid (Figure 12 (C and D) ) showed normal glomeruli and tubules in kidney. The tubules are lined by low cuboidal epithelium with eosinophilic cytoplasm. The glomeruli have normal epithelial, endothelial and mesangial cells. Photomicrograph of rats treated with silver nanoparticles showed slightly degeneration and epithelial cell necrosis, in the epithelial lining some of the tubules and mononuclear cell infiltration in the interstitium ( Figure 12 (E and F) ). Also, treatment with silver nanoparticles showed increase degeneration and renal tubules necrosis in the epithelial lining, some of the tubules and mononuclear cell infiltration in the interstitium, eosinophilic secretion in the tubules lumen and vascularity of glomerular in the Bowman's capsule ( Figure 12 (G and H) ). While Photomicrograph of rats treated with silver nanoparticles and tannic acid showed improvement of the degeneration and epithelial 
DISCUSSION
Silver nanoparticles are one of the most commercialized nanoparticles worldwide and its toxicology became an important area of research. As a result of their extremely small size, AgNPs has shown unique chemical and physical characteristics with certain biological effects, which with its role make them attractive in several consumer products. However, these properties also highlight the potential toxicity of AgNPs Š34¹. Kovvuru et al. (35) and Sarhan & Hussein (36) have investigated the in vivo and in vitro toxicological effects of AgNPs, showing that with different routes of exposure, certain size and doses, AgNPs could lead to harmful effects in living organisms. Due to AgNPs relative safety as compared to other nanomaterials, short-term studies at low doses have not shown any significant adverse effects of AgNPs. However, there are limited numbers of long-term animal studies, especially on the renal and hepatic system. These studies are required because the release of silver ions by surface oxidation and the nano-crystalline solubility of silver are much higher than metallic silver (37) . Silver ions also have strong relationship to sulfhydryl groups of amino acids and proteins causing their precipitation and modifications (38).
Induction of oxidative stress is the major mechanism of toxicity of surrounding nanoparticles (39). By disturbing the balance between antioxidant and oxidant processes, nanoparticles enter the cell and induce intracellular oxidative stress. Extravagant oxidative stress may also modify proteins, lipids and nucleic acids, which stimulates the defense system of antioxidant or even leads to cell apoptosis (40) . He et al. (41) demonstrated that with elevated concentrations of AgNPs, epithelial cells morphology can change to become more fusiform and less polyhedral, rounded and shrunken, because AgNPs elevate the levels of oxidative stress by decreasing the levels of GSH and SOD, and increasing lipid peroxidation, which finally leads to apoptosis by increasing DNA fragmentation and caspase-3 activity. Upon AgNPs interaction with proteins membrane, AgNPs and Ag + may trigger lipid peroxidation and increase cell membrane permeation. Cell membrane damage leads to cytoplasmic contents leakage, such as LDH, and eventually ends up with cell necrosis, while rupture of lysosomal membranes releases cathepsins into the cytoplasm, activating lysosome-mediated apoptosis (40) . Furthermore, mitochondrial damage impairs electron transfer, inhibits adenosine triphosphate (ATP) synthesis, triggers oxidative stress, and activates mitochondrion-dependent apoptosis (40, 42) . In a previous study, AgNPs has been administered intraperitoneally to mice at very high doses (100, 500, 1000 mg/kg BW) leading to multiple genes alterations in brain's mouse, including genes associated with oxidative stress and inflammation (43) . Existing toxicokinetic data indicates that liver, which is the principal detoxifying organ maintaining metabolic homeostasis, accumulates high concentrations of AgNPs (44) . For metabolizing various toxic compounds, liver possesses one of the active antioxidant defense system in order to preserve antioxidative/oxidative balance (45) . Hence, the present study was designed to indicate AgNPs influence on oxidative stress generation and the activity of enzymatic antioxidant systems in liver and kidney tissues of intraperitoneally treated rats for 77 consecutive days. Under physiological conditions, the efficient action of enzymatic and non-enzymatic antioxidant defense systems has prevented the damage caused by ROS. SOD, CAT and GPx are the enzymes providing the first line defense against hydrogen and superoxide peroxide. Our results indicated that antioxidant enzymes inhibition in liver and kidney of rats exposed to AgNPs is good evident. We observed that exposure of rats to AgNPs caused statistically significant decrease in GST, GPx, SOD and CAT activities, and GSH levels in liver and kidney. Results of Skalska et al. (46) revealed that GSH/GSSG ratio decreased in brain after exposure to both forms of silver (AgNPs/Ag + ), although no change in the level of total glutathione (tGSH) was observed. This reflects increased rates of GSH oxidation to glutathione disulfide (GSSG) as an effect of increased S-thiolation of critical protein thiols and/or direct ROS scavenging.
Liver has been reported as one of the target organs and a predominant site of accumulation of nanoparticles (47) . A previous study has demonstrated that AgNPs administration to rats caused significant alterations to the ALP levels (48) . Also, Garcia et al. (34) found signiWcant increase of AgNPs levels in liver and signiWcant alterations in enzymatic liver markers. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are a cytoplasmic in location and only largely released into circulation after hepatocyte structural integrity damage; thus, their activities are most commonly used as reliable markers for clinical monitoring of liver function or liver injury (49). Here, the activities of alkaline phosphatase (ALP), acid phosphatase (ACP), aspartate transaminase (AST), alanine transaminase (ALT), lactate dehydrogenase (LDH), gamaglutamyle transaminase (GGT) increase in plasma signing a hepatic harmful effect in rats treated with silver nanoparticles. Also, Ebabe Elle et al. (9) found same results in rats exposed to 500 mg/d/kg BW AgNPs for 81 days. The potential of AgNPs to modulate enzyme activity was attributable to their affinity for thiol groups. It is probable that thiol groups in the enzymes made them attractive to AgNPs leading to formation of complexes and consequent modulation of enzyme activity (50) .
The decrease in total protein might be due to decreased synthesis, increased loss, increased catabolism, malabsorption or liver disease consequent upon the administration of nanoparticles (51, 52) . Braydich-Stolle et al. (53) suggested that plasma albumin concentration may be directly altered, as a result of the loss of albumin through damaged glomeruli in case of renal failure. Consequently, in the present study, the significant decrease in albumin may be evidence on AgNPs-induced nephrotoxicity. Silver nanoparticles increase membrane leakage in mammalian germ line stem cells and increase ROS generation, deplete antioxidant reduced glutathione (GSH) content, and reduce mitochondrial function in rat liver cells. Albendea et al. (54) reported that the depletion in the levels of total protein lead to inhibition of antioxidant enzymes. Proteins are necessary for enzyme synthesis, and any factor blocking the process of protein synthesis will in turn reduce the synthesis of enzymes, including antioxidant enzymes, and consequently lead to the inhibition of these enzymes and this is conformed with the obtained results of liver enzymes. Urea and creatinine are waste products of protein metabolism that need to be excreted by the kidney and increase of these factors is an indication of functional damage to the kidney (55). The level of blood creatinine is proportional to the glomerular filtration rate. Moreover, urea plays an important role in the metabolism of compounds containing protein in animal body (56) . Adeyemi and Sulaiman (57) demonstrated that increased red blood cell hemolysis could cause elevated bilirubin beyond the hepatic function capacity. A rise in the level of serum urea may imply impaired renal excretion (58).
Naghsh et al. (59) demonstrated that rats treated with silver nanoparticles, exhibit elevated number of WBC. They justified this phenomenon with the immune response of rats to an external factor causing an increase of the number of white blood cells for phagocytosis of silver nanoparticles. With attention to decrease number of RBC, the falling of RBC can be related to suppressive effect of AgNPs on pluripotent stem cells, producing blood cells, in bone marrow. Lovri} et al. (60) reported that after AgNPs absorption into the GIT, it was capable to enter the blood circulation system, therefore these particles can potentially interact with different metabolites such as: plasma proteins, coagulation factors, platelets, red and white blood cells. For this reason, AgNPs perhaps induce oxidative stress and affect the structure and physiology of the cells adversely, oxidative metabolism, fat membrane structure and function that can destroy red and white blood cells and susceptibly pass reticuloendothelial system of spleen and liver (23) . However, no significant effects in hematological parameters were found after 90 days of treatment with different doses of AgNPs (34, 61) .
Histopathological changes in liver and kidney of rats treated with AgNPs, which noted in the present study agrees with the obtained data that showed changes in the levels of biochemical parameters in liver and kidney. Arora et al. (62) has found that internalized AgNPs can disrupt the cell membrane integrity, cause lysosomal swelling, and even rupture lysosomal membranes. Tiwari et al. (63) reported that some histopathological changes were observed in kidney of animals treated with AgNPs. Hematoxylin and eosin (H&E) and periodic acid-Schiff (PAS) staining of kidney sections showed damage to basement membrane and brush borders of proximal tubules along with overall decrease in urinary space. TEM analysis indicated significant submicroscopic damage in kidney. Large number of mitochondria were swollen or completely ruptured with total loss of their content. There was pronounced swelling of podocytes with fusion of their foot processes that may affect the glomerular filtration. Such type of submicroscopic changes has been also previously reported in intravenous and subcutaneous treatments (64, 65) . These symptoms resemble those observed in 'Minimal change disease' of the kidney, where there are few light microscopic indicators but major changes at the ultramicroscopic level. As reported earlier, this could later lead to development of nephritic syndrome (66) and other chronic diseases of the kidney. TEM analysis also confirmed localization of AgNPs in particle form in the kidney. Also, Tiwari et al. (63) found that kidney sections examination by TEM showed necrotic cellular damage in proximal convoluted tubule (PCT) and distal convoluted tubule (DCT) of animals treated with AgNPs. There was dilation of cellular organelle (mitochondria, endoplasmic reticulum, and Golgi apparatus), damage to plasma membrane, swelling of cells and moderate chromatin condensation which are characteristics of necrotic cell death (67). Tiwari et al. (63) observed significant ROS induced DNA damage in AgNPs treated animals by oxo-8G staining of kidney sections. This was also associated with high levels of ROS and lower GSH/GSSG. Toxic endpoints seen in our study may be cumulative effect of both AgNPsand released ions have been reported previously (63, 68) .
Tannic acid is an antioxidant compound, which comprises polyphenolic compound that have been utilized to mitigate various conditions of oxidative stress. Its antioxidant action is believed to originate from its ability to stimulate glutathione (GSH) synthesis, therefore, maintaining intracellular GSH levels (69) . Several authors have demonstrated that tannic acid and other polyphenols have antimutagenic and anticarcinogenic activities. Moreover, the consumption of polyphenol-rich fruits, vegetables, and beverages, such as red wine and tea, has been linked with preventive and inhibitory effects in various human cancers and cardiovascular diseases, which may be related at least in part with the antioxidant activity of polyphenols (70) . Also, the present data showed that tannic acid decreased the levels of free radicals and increased the activities of antioxidant enzyme therefore minimized the toxic effects of silver nanoparticles. Therefore, the present results showed that tannic acid co-treatment with AgNPs reduced its hepato-renal damage via increasing the activities of antioxidant enzymes in liver and kidney.
CONCLUSION
Finally, we reported that in vivo and intraperitoneally treatment with silver nanoparticles induced deleterious effects on liver and kidney and led to oxidative stress, biochemical and histological changes, and hematotoxicity. Also, our results showed that using tannic acid as antioxidant was capable to alleviate harmful effects of silver nanoparticles on liver and kidney functions to protect healthy tissues and to reduce AgNPs toxicity. Finally, we suggest using tannic acid as a preventive agent along with silver nanoparticles to minimize its hepato-nephrotoxicity.
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